Purpose: To compare central corneal thickness (CCT) measured by standard ultrasound pachymetry (USP), and three non-contact devices in healthy eyes. Conclusions: CT-1P tono-pachymeter underestimates CCT measurements compared to Scheimpflug system, AS-OCT device, and USP. Mean CCT among USP, Pentacam and AS-OCT were comparable and had significant linear correlations. In clinical practice, these three modalities could be interchangeable in healthy patients.
Introduction
Central corneal thickness (CCT) is an important and sensitive indicator of corneal health. 1 It is necessary in monitoring corneal diseases such as corneal oedema, keratoconus, Fuchs dystrophy, glaucoma and to evaluate corneal barrier and endothelial pump function in several surgical conditions. [2] [3] [4] In clinical practice, it is useful in the evaluation of contact lens wear, 5, 6 selecting patients for refractive surgery and posterior evaluation. 7, 8 CCT is also a predictive factor for glaucoma progression in patients with high baseline intraocular pressure (IOP). Moreover, CCT is an important parameter in the risk profiling of ocular hypertensive to glaucoma patient. 9, 10 Since IOP measurement by applanation tonometry is influenced by CCT, it is important to obtain the reliable corneal pachymetry for each patient and adjust the IOP for the measured CCT. 1, 11 There are numerous methods available to measure CCT. Ultrasound pachymetry (USP) has been widely considered as the gold standard because it is very easy, fast and convenient to repeat several measurements to minimize error. 12, 13 USP requires contact with the cornea and uses the Doppler Effect to determine CCT. Disadvantages of ultrasonic pachymetry include direct placement of the probe on the cornea, the risk infection and corneal epithelial damage, the necessity for topical anesthesia (which may influence by up 10 microns CCT measurements), and dependence on examiner experience for reliable measurements. [14] [15] Optical Coherence Tomography (OCT), which was introduced in the early 1990s, is a noncontact imaging method that provides detailed cross-sectional images of biological tissues by measuring their optical reflections. 16, 17 OCT has been widely used clinically M a n u s c r i p t in ophthalmologic practice for the last two decades. [18] [19] In recent years, OCT technology has experimented the incorporation of spectral-domain (SD) imaging that offers significant advantages over the traditional time-domain (TD) techniques, which include faster imaging speed, higher resolution, and better visualization. 20 Simultaneously with these improvements, the utility of OCT in the ophthalmic practice has become more extended. Particularly, anterior segment OCT (AS-OCT), which provides high-resolution cross-sectional images of anterior segment structures, including corneal thickness, anterior chamber angle, conjunctiva, and tear meniscus, has recently gained popularity. [21] [22] [23] [24] There are very few studies giving comparative accuracy of CCT measurements by AS-OCT versus USP.
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The Pentacam, developed in 2000s, uses a rotating Scheimpflug camera and a slitlight source that rotate together around the optical axes of the eye to calculate a threedimensional model of the anterior segment. A total of 25 images are captured within 2 sg, with each slit image composed of 25,000 points including 500 true elevation points.
As a pachymeter, Pentacam provides a corneal thickness map and determines the thinnest point as well. Previous studies have shown that Pentacam has high agreement compared with USP, 12 high intraoperator repeatability and reproducibility for CCT measurements. 26, 27 In recent years, several units of non-contact tonometry and pachymetry have been developed. Tono-pachymetry simultaneously measures CCT using the principle of the Scheimpflug camera system and IOP using a conventional non-contact tonometry method. Tono-pachymetry is patient-friendly and time-saving, but it has not been well documented whether the CCT values obtained from tono-pachymetry are comparable to those derived from conventional USP as the gold standard for measuring CCT. 28, 29 To the best knowledge of the authors, this was one of the few studies that was designed to compare the correlation and agreement between CCT measurements Technologies used to measure CCT: Three consecutive measurements were done by standard USP, non-contact tono-pachymeter, corneal topography, and anterior segment optical coherence tomography (AS-OCT). In order to eliminate effects of diurnal variation on thickness, all measurements were taken between 2 PM and 6
PM. For a more complete reliability analysis between pairs of CCT measurements, the ICC values was calculated and can be seen in Table 1 . The reliability between all pairs was statistically significant (p < 0.001).
Discussion
According to our findings, the average values of CCT taken with the four instruments found that Pentacam tends to overestimate CCT compared to USP after LASIK.
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Other studies have analyzed the relationship between different spectral domain AS-OCT devices from other manufactures and, in most of those papers difference between OCT and USP measurement was similar to the differences shown in this research. [37] [38] [39] [40] There are reports with different tono-pachimetric devices, using a different operating principle (the Scheimpflug-base system), showing an underestimation of CCT when compared with USP. [40] [41] [42] However, the underestimation reported by these authors was less than difference observed in our study. Sagdik et al, also found that mean CCT was 28,4 µm thinner than USP using the CT-1P device, to the best of our knowledge the A c c e p t e d M a n u s c r i p t unique study found using the same tono-pachymetry system. 43 Moreover, we found a trend towards larger differences for thinner corneas and lower differences for thicker corneas, despite showing a moderate correlation for the difference versus mean in the Bland-Altman analysis, this is not clinically relevant.
There are many possible reasons to explain these differences, in part derived from the different operating principles of each instrument. Factors conditioning USP measurements include decentration, oblique incidence of the probe to the cornea, and the necessity for topical anesthesia, which may influence by up 10 µm CCT measurements. [14] [15] However, apart from the much training of the operator, There are some limitations to this study. We excluded subjects with severe myopia, astigmatism of more than 1.75 D, irregular astigmatism, refractive surgery, and ocular pathologies, for which any bias between instruments could have clinical implications, and thus, our findings may hold true only for subjects with similar refraction A c c e p t e d M a n u s c r i p t characteristics. Furthermore, the sample size of this study was relatively small, future studies will need to include larger populations, with different ocular conditions.
In conclusion, our data suggest that the clinician should be aware of significant M a n u s c r i p t M a n u s c r i p t 
